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Introduction
It is well known that environmental temperature (T a ) is the abiotic factor with major 48 incidence in the evolution, ecology and physiology of most of the biodiversity in the planet 49 (Angilletta 2009 and references therein). The effects of T a are particularly relevant for 50 ectotherms as their body temperature depends on T a and therefore any change in T a affects their 51 fitness and performance (e.g. behaviour, growth, reproduction, metabolism). This relationship 52 between performance and temperature has been described by a thermal performance curve (TPC) 53 Sinclair et al. 2016 ). The TPC is best captured by three parameters: a minimum 57 critical temperature (CT Min ), which represents T a below which performance is minimum; a 58 maximum critical temperature (CT Max ), which represents T a above which performance is also 59 minimum and an optimum temperature (T Opt ), which represents T a at which performance is 60 maximum. Most of these parameters can exhibit geographic variation depending on the 61 particular environmental context (e.g., local climate) and genetic background of populations 62 (Gilchrist 1996; Kingsolver et al. 2004; Latimer et al. 2011 ). Furthermore, this geographic 63 variation has the potential to create gradients of selection for TPCs across the species distribution 64 (Kingsolver & Gomulkiewicz 2003) shaping thermal sensitivities, tolerances and thermal 65 acclimation capacities (i.e., thermal plasticity) of local populations (Seebacher et al. 2012 ; 66
Gaitan-Espitia et al. 2014). 67
Different climate-related hypotheses have been proposed to explain how physiological 68 tolerances, capacities and their plasticity affect the distributional ranges of species (Bozinovic et 69 al. 2011). One of them, the climate variability hypothesis (CVH), offers a powerful conceptual 70 framework to explore the interactions between environmental variability and physiological 71 performance of ectotherms (e.g., Gaitan-Espitia et al. 2013; 2014) . The CVH predicts that 72 organisms inhabiting more variable environments should have broader ranges of environmental 73 tolerance and/or greater physiological plasticity that enable them to cope with the fluctuating 74 environmental conditions (e.g., seasonality) (Ghalambor et al. 2006 ; Gaitan-Espitia et al. 2017) . 75
In agreement with this hypothesis, other theoretical models have explored the evolutionary 76 mechanisms underlying local thermal adaptation across heterogeneous environments (e.g., 77
Generalist-Specialist models). For instance, the model developed by Lynch and Gabriel (1987) , 78 predicts that temporal environmental heterogeneity selects for more broadly adapted individuals, 79
whereas in more constant environments the model developed by Gilchrist (1995) , predicts that 80 selection should favor thermal specialists with narrow performance breadth. The mechanistic 81 understanding of these conceptual frameworks has improved with recent studies showing how in 82 thermally variable environments directional selection acts on TPC's parameters favoring 83 organisms that maximize performance across a broader range of temperatures ( Bartheld et al. 2017 ). Nevertheless, we still do not know whether 92 selection might also target traits as a function of those extremes. 93
In this context, populations inhabiting highly seasonal environments characterized also by 94 daily extreme temperatures, provide a natural laboratory to evaluate the role of natural selection 95 on the plasticity of critical thermal limits and preferences. We addressed such important gaps in 96 our knowledge by measuring for the first time survival as a function of the plasticity of thermal 97 critical temperatures (CT Max and CT Min ), preferred temperature (T Pref ) and thermal sensitivity of 98 metabolism (Q 10 ; the magnitude of change in metabolic rate for a 10ºC change in T a ) after 99 acclimation to 10°C and 20°C in the northernmost population of the four-eyed frog Pleurodema 100 thaul. We tested four predictions regarding phenotypic selection and plasticity that built up from 101 previous findings showing that acclimation to warmer temperatures produces an increase in the temperatures were frequent, then we would expect positive directional selection on CT max when 106 warm as well as cold acclimated. Third, if daily low extremes were frequent, then we would 107 expect negative directional selection on CT min during the cooler periods of the year. Fourth, as 108 energy inputs are limited, the energetic definition of fitness indicates that individuals with higher 109 maintenance costs (i.e. resting metabolic rate) would have less energy available to allocate to 110 growth, reproduction and/or performance. The main prediction of this principle is that natural 111 selection should maximize the residual available energy, and therefore, higher maintenance costs Standard metabolic rate, measured through oxygen consumption at 20°C and 30°C was 159 measured continuously using an infrared O 2 -CO 2 analyzer (LI-COR LI6262, Lincoln, NV, 160 USA). The analyzer was calibrated periodically against a precision gas mixture. Although there 161 was almost no difference between calibrations, baseline measurements were performed before 162 and after each recording. Flow rates of CO 2 -free air was maintained at 100 ml min -1 ± 1% by a 163
Sierra mass flow controller (Henderson, NV, USA). We used cylindrical metabolic chambers (60 164 ml) covered by metal paper. O 2 consumption was recorded during 45 minutes per individual. 165
Each record was automatically transformed by a macro program recorded in the ExpeData 166 software (Sable Systems), to (1) transform the measure from % to mlO 2 min -1 , taking into 167 account the flow rate and (2) to eliminate the first 5 min of recordings. For each individual, the 168 metabolic sensitivity (Q 10 ) was calculated as the ratio between metabolic rate measured at 30ºC 169 and metabolic rate measured at 20ºC. 170 171
Selection on thermal traits 172
After the experiments, all frogs were put back to 20ºC for at least one month before 173 releasing them. Marked frogs were released at Carrera Pinto in April 2013 and their survival was 174 monitored on three separate recapture efforts (13 th October 2013, 13 th June and 9 th September 175 2014). As the desert surrounds these two small ponds dispersal was not a concern. 176 The relationship between trait plasticity and survival was analyzed using a Cormack-Jolly-Seber 177 (CJS) framework in Program MARK. An overall goodness of fit test was run using U-Care to 178 ensure the data were consistent with the assumed structure of the CJS model and to obtain a 179 value for the over dispersion parameter (c-hat). The time interval between capture occasions (as 180 a fraction of 1 year and considering also the original capture event) was included in the analysis 181 to accommodate the unequal intervals. The resulting resighting and survival estimates were 182 therefore corrected to annual estimates. Survival and resighting parameters were obtained in a 183 two-stage process. First, the best-fit resighting model was identified from three candidate models 184 (constant, time dependent, and a linear trend). The fit of the three candidate resighting models 185 was compared using survival modeled as both a constant and a time-dependent rate, to ensure 186 that selection of the best-fit resighting model was not influenced by choice of survival model. 187
Once the best-fit resighting model was identified (using AICc), it was then retained for all Body mass was included as a covariate in the case of CT Max_20 and T Pref_10 ( 
RESULTS 205
All measured traits including critical thermal limits (CT Max , CT Min ), thermal preference 206 (T Pref ) and sensitivity of metabolic rate to temperature (Q 10 ) showed high variance among 207 individuals (Fig. 2) . In addition, for all traits some individuals shifted their thermal traits to 208 higher values when acclimated to high temperatures, but other individuals showed the reverse 209 response, that is their traits shifted to lower values after acclimation at higher temperatures (Fig.  210 3). 211
Only 5 out of 28 correlations between physiological traits were statistically significant, 212 and these involved mostly critical thermal limits. In particular CT Max_20 was negatively correlated 213 with CT Min_10 (r P = -0.57) and CT Max_10 (r P = -0.41) whilst it was positively correlated with Q 10_20 214 (r P = 0.26). Additionally, CT Max_10 was positively correlated with CT Min_10 (r P = 0.31) and 215 negatively correlated with CT Min_20 (r P = -0.25). 216
The overall goodness of fit measure for the CJS model indicated a moderate level of 217 over-dispersion (c-hat = 2.65, P = 0.103), however with only 3 recapture occasions it was not 218 possible to identify an alternative starting model and the basic CJS model was adopted as the 219 basis for subsequent model fitting, with unexplained over-dispersion controlled using the c-hat 220 adjustment. A constant resighting rate was the best-fit model irrespective of whether survival 221 was modeled as a constant or time dependent rate (Table 1) . Consequently, the constant rate-222 resighting model was retained for subsequent modeling of survival. The model selection 223 procedure indicated that from the 13 candidate models tested, there was not a single best-fit one 224 (Table 1 ). In particular, the null model was the most supported (Akaike weight of 0.220), whilst 225 models including only directional selection on single traits still had some support, with a 226 cumulative Akaike weight of almost 60% (Table 1) . Models including correlational selection 227 (i.e. plasticity) showed rather weak empirical support (Table 1) To understand how organisms adapt to highly fluctuating environments and whether they will be 233 able to adaptively respond to current climate change, we need to evaluate whether selection in 234 nature targets plasticity itself. Populations inhabiting highly seasonal environments that also 235 experience daily extreme temperatures, provide excellent opportunities to test predictions of the 236 fitness consequences of such thermal variation on the plasticity of critical thermal limits and 237 preferences. Here, to the best of our knowledge for the first time, we studied natural selection on 238 thermal acclimation capacity of performance (CT Max and CT Min ), metabolism (Q 10 ) and 239 behaviour (T Pref ). Our results indicate that thermal acclimation in this population is not being 240 targeted by directional selection, although there might be signals of selection on individual traits. 241
In part, the relatively weak evidence for natural selection on this system might be a consequence 242 of the small sample size we used (N = 83), the few recaptures we carried out (n = 3) and the 243 relatively high value of c-hat in the analyses, which penalizes models on the basis of parameter 244 number. This prevented us not only from evaluating more complex models (i.e. non linear 245 selection) but also resulted in estimates of directional selection with rather large SEs and 246 therefore with 95% confidence intervals that contained the zero in all cases. 247 Some theoretical models of thermal adaptation across heterogeneous environments (e.g., 248
climate variability hypothesis, generalist-specialist models) suggest that temporal environmental 249 heterogeneity selects for more broadly adapted individuals (Lynch and Gabriel, 1987; Gilchrist 250 1995) , favoring increased plasticity particularly in thermal tolerance traits (Gunderson & 251 Stillman 2015). Based on these models we predicted that the high seasonality should select for 252 high plasticity in thermal traits and therefore, the plasticity itself should currently be under 253 directional selection. Our prediction turned out to be incorrect as models including plasticity 254 showed relatively weak support. 255 to cold) when cold-acclimated (albeit the estimate was non-significant), which was the second 270 most supported model (Table 1) . temperatures were frequent. Our results do not offer support for this prediction: there was a slight 275 trend for survival to decrease as CT max increased under warm as well as under cold-acclimated 276 conditions. However, in both cases estimates were not statistically different from zero. 277
Nevertheless, this might suggests that selection could be favouring individuals that avoid hot Regarding the sensitivity of metabolism to temperature (Q 10 ) we expected that Q 10 not to 285 be under directional selection. Our results are in (partial) agreement with that expectation, as the 286 rate at which survival changed with changes in Q 10 was very small (Fig. 4, Table 2 ), although the 287 models with Q 10 still showed some support (Table 1) . Finally, we also expected no directional 288 selection on T Pref as we have previously shown that acclimation to warmer temperatures 289 produced an increase in this trait (Ruiz-Aravena et al. 2014). Nevertheless, we found a non-290 significant trend showing that survival decreased, although at a very low rate, as T Pref increased, 291 which might suggest that selection favours those individuals that are able to avoid hot 292
microhabitats. 293
Our results indicate a positive trend of survival with body size (although the directional 294 selection estimate was non-significant), something that has been previously reported in the It is important to mention that we here measured plasticity in only one life stage. Likely 304 other ecological and physiological traits are also plastic in this species, and their responses to 305 acclimation might differ, also among different life stages. However, we still consider our results 306
show a signal and provide the first evidence that phenotypic plasticity is not an actual target of 307 selection in nature, but that daily climate extremes might be selecting for higher tolerance. 308
Nevertheless, further work including multiple traits and life stages and also in other populations, 309
should help to strengthen the trends found here into further generic hypotheses to clarify the role 310 of plasticity for the viability of ectotherm populations in nature. 311 
